Objectives The aim of this study was to evaluate the use of percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) in "real-world" patients unsuitable for the alternative treatment.
Since the 1980s, coronary artery bypass graft surgery (CABG) is the treatment of choice for patients with multivessel and/or left main (LM) coronary artery disease. Numerous trials have compared CABG with percutaneous coronary intervention (PCI) but have not been able to produce favorable outcomes after PCI due to an excess in repeat revascularization (1) .
The recent SYNTAX (Synergy between PCI with TAXUS and Cardiac Surgery) trial showed that CABG remains superior to PCI, even with the usage of drugeluting stents (DES) (2) . It has been demonstrated that PCI is as effective as CABG in subgroups of patients with less complex coronary artery disease and LM lesions (2) (3) (4) . Other recent trials have confirmed more favorable outcomes with CABG (5, 6) .
Although CABG is still the gold standard, there are some patients who cannot undergo surgery. In addition, a proportion of patients are not eligible for PCI. The SYNTAX study was designed as an all-comers trial, but patients could be excluded if the Heart Team concluded that either PCI or CABG could not be performed (2, 7) . This decision was based on a team judgment and not on predefined criteria. Excluded patients were entered in a CABG registry to define the population at too high-risk for PCI and in a PCI registry to define the patients deemed unsuitable for surgery. Little is known of the characteristics and outcomes of these populations. Separate analysis is necessary to fully understand the strengths and limitations of PCI and CABG in the "real world" (8) . This study presents characteristics and 3-year outcomes of patients that were deemed nonrandomizable and therefore were included in the SYNTAX PCI and CABG nested registries.
Methods
Study design. The SYNTAX trial design has been described previously (2, 9) . In brief, patients with 3-vessel or LM coronary artery disease were screened for enrollment in the randomized trial. During a multidisciplinary Heart Team discussion, including at least 1 surgeon and 1 interventional cardiologist, consensus was reached on whether both PCI and CABG would result in clinical equipoise (7) . If a patient was not eligible for randomization, the patient was enrolled in the nested registry for CABG-ineligible patients (PCI registry) or PCI-ineligible patients (CABG registry).
Patients in the PCI registry were treated according to local practices with regard to technique and device preference, either with or without DES.
To compare the risk profile and outcomes of patients in the registries with the randomized arms, a randomly selected proportion of patients from the CABG registry and all PCI registry patients were scheduled to undergo clinical follow-up at 1, 6, 12, 36, and 60 months after treatment allocation (9) .
The study protocol was approved by the institutional review board of all 85 enrollment sites and is consistent with the International Conference on Harmonisation Guidance of Industry E6 Good Clinical Practice, the Declaration of Helsinki, and all local regulations. Written consent was obtained from all participating patients. SYNTAX is registered at ClinicalTrials.gov (NCT00114972). Definitions. The primary outcome of this study was the composite of major adverse cardiac or cerebrovascular events (MACCE) at 3 years of follow-up. MACCE included all-cause death, stroke, myocardial infarction (MI), and any repeat revascularization. The composite safety endpoint consisting of all-cause death, stroke, and MI, was also analyzed as well as individual outcomes. Adverse events were adjudicated by an independent Clinical Events Committee.
Definitions have been reported elsewhere (4). Briefly, stroke was defined as a focal neurological deficit of central origin lasting Ͼ72 h resulting in permanent brain damage or body impairment. Myocardial infarction was defined in relation to intervention status as follows: 1) after allocation but before treatment: Q-wave MI (new pathological Q waves in Ն2 leads lasting Ն0.04 s with creatine kinasemyocardial band [CK-MB] levels elevated above normal) and non-Q-wave MI [elevation of CK levels Ͼ2ϫ the We decided that no statistical comparisons between PCI and CABG should be performed, because entry into the registries depended on different variables specific for the corresponding registry. Thus, the patient characteristics and outcomes are only representative of patients ineligible to undergo PCI or CABG. Results are presented as observational only.
Subgroup analyses of separate SYNTAX score cohorts (low 0 to 22, intermediate 23 to 32, and high Ն33) were performed (10) . The assessment of coronary anatomic complexity by SYNTAX score was based on tercile cohorts established in the randomized trial (2). Statistical comparison was performed by overall and pairwise log-rank testing, with a 2-sided p value Ͻ0.05 considered statistically significant.
Results

Inclusion.
Between March 2005 and April 2007, a total of 4,337 patients were screened for eligibility of enrollment in the trial. After exclusion due to variable reasons (e.g., refusal of informed consent or concomitant valvular heart disease, among others), a total of 3,075 patients were treated within the SYNTAX trial. In the trial 1,800 patients were randomly assigned to undergo PCI (n ϭ 903) and CABG (n ϭ 897). Another 198 (6.4%) and 1,077 (35.0%) patients were included in the PCI and CABG registries, respectively (Fig. 1) . From the 1,077 in the CABG registry, 649 were randomly selected to be followed-up for 5 years.
Of the 198 patients in the PCI registry, 192 were treated with PCI, 4 patients were treated medically, 1 underwent CABG, and 1 patient withdrew consent. Of the 649 CABG registry patients randomly assigned to 5-year follow-up, 644 were treated with CABG, 3 did not receive treatment, and 2 were managed medically. Another 9 patients were lost to follow-up, and 3 patients withdrew consent. Three-year MACCE rates were evaluable in 100% and 97.2% of the PCI and CABG patients, respectively.
Patients included in the PCI registry were considered too high-risk for CABG (70.7%), had no graft material for anastomosis (9.1%), refused CABG (5.6%), had small or poor quality of distal vessels (1.5%), or were excluded from randomization because of other reasons (13.1%). Reasons for inclusion in the CABG registry included too complex coronary anatomy to undergo PCI (70.9%), chronic total occlusion untreatable with PCI (22.0%), unable to take antiplatelet medication (0.9%), refusal to undergo PCI (0.5%), or other reasons (5.7%). Patient characteristics. In general, compared with the patients that were randomized in the SYNTAX trial, the patients in the PCI registry were older (71.2 Ϯ 10.4 years vs. 65.2 Ϯ 9.7 years) and had a high-risk profile because of comorbidities and an eventful cardiovascular and noncardiovascular history; this was manifested in a higher Logistic EuroSCORE of 7.7 Ϯ 9.0 (vs. 3.8 Ϯ 4.5 in the randomized PCI group) and Parsonnet score of 14.4 Ϯ 9.5 (vs. 8.5 Ϯ 7.0 in the randomized PCI group) ( Table 1 ). In addition, the lesion complexity by SYNTAX score was 31.6 Ϯ 12.3 in the PCI registry, which was slightly higher than the 28.4 Ϯ 11.5 in the randomized PCI group. A total occlusion was present in 36.5%, whereas this rate was only 24.2% in the trial. Patients in the CABG registry had a Logistic Euro-SCORE comparable to the CABG patients in the randomized trial (4.0 Ϯ 4.4 vs. 3.9 Ϯ 4.4 in the randomized trial) as well as a similar mean Parsonnet score (9.0 Ϯ 7.1 vs. 8.4 Ϯ 6.8 in the randomized CABG group) (Table 1) . However, the lesions were more complex in the registry: the SYNTAX score was 37.8 Ϯ 13.3 in the registry versus 29.1 Ϯ 11.4 in the randomized trial. A total occlusion was present in 56.4% versus 22.2% in the randomized trial. More patients had LM and 3-vessel disease in the registry (27.6% vs. 13.0% in the trial). Procedural characteristics. In the PCI registry, a mean of 2.5 Ϯ 1.3 lesions were treated with 3.1 Ϯ 1.8 stents and a mean total length of 58.5 Ϯ 41.2 mm. This is much lower than in the randomized trial where 3.6 Ϯ 1.6 lesions were treated with 4.6 Ϯ 2.3 stents and a mean length of 86.1 Ϯ 47.9 mm. In 76% of cases a DES stent (57% TAXUS) was used. Completeness or revascularization was only 36.5% in the registry compared with 56.7% in the trial.
A total of 3.0 Ϯ 0.9 conduits were used per CABG patient (vs. 2.8 Ϯ 0.7 in the randomized trial), of which 1.3 Ϯ 0.7 were arterial and 1.7 Ϯ 1.0 venous grafts. Complete arterial revascularization was performed in 11.2% compared with 18.9% in the randomized trial. In 96.7% at least 1 arterial graft was used; in the randomized trial this rate was 97.3%. Off-pump surgery was performed slightly more often in the registry (18.6% vs. 15.0% in the trial). Completeness of revascularization was 74.7% in the registry, compared with 63.2% in the trial.
Mean post-procedure hospital stay was 8.2 Ϯ 5.5 days and 4.8 Ϯ 12.0 days in the CABG and PCI registries, respectively. Perioperative medication use is displayed in Table 2 . PCI outcomes. Procedural 30-day MACCE occurred in 7.6% of the patients (Table 3) . This was mainly driven by the 3.1% death rate and 3.6% MI rate. After 3 years of follow-up, the MACCE rate was 38.0% (Fig. 2, Table 3 ), with 18.3% death, 8.4% MI, 1.8% stroke, and 20.0% repeat revascularization (repeat PCI 17.8%, and repeat CABG 2.8%).
According to the SYNTAX score terciles, 44 patients had low lesion complexity (mean SYNTAX score 16.5 Ϯ 5.1), 63 patients had intermediate complexity (mean SYNTAX score 27.7 Ϯ 2.8), and 82 patients had high complexity (mean SYNTAX score 42.4 Ϯ 9.2). Subgroup analyses revealed a MACCE rate of 29.5% in the cohort with a score Յ22 and increasing rates with intermediate (33.3%) and high (46.3%) scores (overall p ϭ 0.09) (Fig. 3A) . Difference in MACCE was not statistically significant between the low-and intermediate-score groups (p ϭ 0.64) and intermediate-and high-score groups (p ϭ 0.11). There was a trend toward a difference between the low-and high-score groups (p ϭ 0.06). Breaking down MACCE into separate endpoints (Fig. 4A) , there was a significant difference between the groups in terms of the composite safety endpoint of death, stroke, and MI (13.9% vs. 32.9% and 20.6% vs. 32.9%, p ϭ 0.04), which was driven by increased rates of death in the high SYNTAX score group (24.4% vs. 9.3% in the low SYNTAX score group, p ϭ 0.04). Other endpoints were comparable between groups (Fig. 4A) . (5) 3.7% (7) 4.7% (9) 7.0% (13) 0.5% (3) 1.4% (9) 1.4% (9) 2.5% (16) Stroke 0.0% (0) 0.0% (0) 0.0% (0) 1.8% (3) 1.2% (8) 2.0% (13) 2.2% (14) 3.8% (24) MI 3.6% (7) 3.7% (7) 4.2% (8) 8.4% (15) 1.6% (10) 2.2% (14) 2.5% (16) CABG outcomes. Procedural outcomes after CABG showed low rates of MACCE (3.4%), for the composite safety endpoint of death/stroke/MI (3.3%), and the individual components of MACCE: stroke (1.2%), MI (1.6%), and repeat revascularization (0.3%) ( Table 2) . After 3 years, the MACCE rate was 16.4% (Fig. 2, Table 3 ). Patients were divided into low lesion complexity (n ϭ 68, SYNTAX score 16.8 Ϯ 4.1), intermediate complexity (n ϭ 161, SYNTAX score 28.2 Ϯ 2.7), and high complexity (n ϭ 403, SYNTAX score 45.2 Ϯ 10.1). Subgroup analysis demonstrates a stepwise increase in MACCE with higher SYNTAX score; 9.0% in the low-, 13.8% in the intermediate-, and 18.3% in the high-score cohorts (overall p ϭ 0.10) (Fig. 3B) . Pairwise testing demonstrated no statistically significant differences (low vs. intermediate, p ϭ 0.32; intermediate vs. high, p ϭ 0.19; low vs. high, p ϭ 0.07). Individual MACCE components were not statistically significant between groups, except for the endpoint of death where there was a difference between the intermediate and high score groups (p ϭ 0.03) (Fig. 4B) .
Discussion
The SYNTAX nested registries presented in this study are important to complete the knowledge of the current use of PCI and CABG for 3-vessel or LM coronary artery disease in the real world. The SYNTAX randomized trial, among other trials, included only selective patients in whom both PCI and CABG could be performed with satisfactory results. Those patients not suitable for randomization are crucial to fully understand the indications, strengths, and limitations of PCI and CABG, with the corresponding outcomes. In this study we showed that the Heart Team decided that 35.0% of patients were not suitable for PCI and therefore underwent CABG. Patients were deemed inoperable and received PCI treatment in 6.4% of the cases. Other studies. Patients in these registries were selected on the basis of clinical judgment of a multidisciplinary team of physicians (7) . Results from other studies cannot be compared with the SYNTAX registry results, because this study presents patients in whom only 1 treatment option was considered appropriate. Therefore these patients represent not the total PCI or CABG cohort but only a selected group with different baseline risk and lesion complexity. Many patients receiving either PCI or CABG in other studies would probably have been randomized in the SYNTAX trial (2) . PCI registry. Patients in the SYNTAX PCI registry present a completely different patient population as the patients described in other registries or trials (1, 2, (11) (12) (13) . First, the mean age was 71.2 Ϯ 10.4, and nearly 75% of patients were Ն65 years of age; thus patients were significantly older. Second, patients more often presented with an eventful cardiac and noncardiac history. The mean Logistic Euro-SCORE was higher in the registry (7.7 Ϯ 9.0) than in the randomized arm (3.8 Ϯ 4.5) as well as the Parsonnet score (14.4 Ϯ 9.5 compared with 8.5 Ϯ 7.0, respectively).
Indeed, the 3-year 38.0% MACCE rate in the PCI registry was much higher than the 28.0% in the randomized trial. However, this is not unexpected, due to the advanced age and severe comorbidities. Both the EuroSCORE and Parsonnet score have been associated with increased rates of adverse events during follow-up (13) (14) (15) . In addition, some of the patients were included in the PCI registry because they had cancer or other severe diseases. This could be one of the reasons that the death rate is very high.
The high-risk profile of these PCI patients was influential in choosing the treatment strategy. Fewer lesions were stented and the number of stents that were used was much lower. It might be the case that only the culprit lesion was stented, whereas other lesions remained untreated, resulting in a 63.5% rate of incomplete revascularization in the registry. Also, 24% of patients received a bare-metal stent; this might have had an influence on the results as well (16) . CABG registry. Patients included in the CABG registry represent a population completely different from the patients in the PCI registry. Where in the PCI registry patients were high-risk but had similar lesion complexity, in the CABG registry it was the exact opposite. Patients had a similar mean EuroSCORE (4.0 Ϯ 4.4 vs. 3.9 Ϯ 4.4) and Parsonnet score (9.0 Ϯ 7.1 vs. 8.4 Ϯ 6.8) as the randomized patients. However, they were most often denied PCI because of too complex coronary anatomy, demonstrated in a higher SYNTAX score (37.8 Ϯ 13.3 vs. 29.1 Ϯ 11.4), more patients with a total occlusion (56.4% vs. 22.2%), and a slightly higher rate of bifurcation (80.8% vs. 73.3%).
The 3-year MACCE rate in the CABG registry (16.4%) is actually lower than in the randomized patients (20.2%), which was caused by lower rates of repeat revascularization (4, 17) . Interestingly, however, the actual difference in MACCE rates between the registry and trial do not increase over follow-up. At 1 year the difference was 3.2%, and at 3 years this was still only 3.8%. Therefore, it seems that the registry patients did significantly better especially during shortterm follow-up. This was confirmed by a trend in lower rates of hospital and 30-day MACCE rates in the registry patients (17) . This lower incidence of MACCE cannot be described by a difference in risk profile, because patients had similar risk. A previous study showed that it was likely related to procedural characteristics (17) . In the registry, patients had a 74.7% rate of complete revascularization, whereas this was only 63.2% in the randomized trial. Furthermore, the number of grafts and distal anastomoses per patient was higher, which was identified to be independently associated with reduced rates of MACCE (17) . SYNTAX score. Since 2009, a large number of studies have tested the accuracy of the SYNTAX score as a risk algorithm in predicting adverse outcomes. A recent review summarized these data and concluded that, especially in LM patients treated with PCI, the score is a useful prognostic tool (18) . Although Birim et al. (19) reported a stepwise increase in MACCE rates with higher SYNTAX scores, in patients treated with CABG generally less discriminative power could be attributed to the SYNTAX score. Remarkably, this study shows that in both PCI and CABG N T I O N S , V O L . 5 , N O . 6 , 2 0 1 2   J U N E 2 0 1 2 : 6 1 8 -2 5 patients a stepwise increase of MACCE rates can be seen with higher SYNTAX scores, although this was not statistically significant in the CABG registry.
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There was, however, a significant difference in death between the intermediate-and high-score groups. A hypothesis behind this finding is that in the high SYNTAX score group more patients with extreme high scores were present. Although the predictive power of the SYNTAX score is limited in CABG patients, with extreme scores it is likely that ultimately the score will identify those patients at higher risk. The fact that death did not increase stepwise from low-to high-score groups demonstrates that the increased death in cohort with scores Ն33 might be caused by these extreme cases. Furthermore, these intragroup comparisons are post hoc subgroup analyses with relatively low statistical power, thus a change finding cannot be ruled out. Study limitations. It is important to recognize that an emphasis should lay on long-term results after PCI and CABG. From this study, follow-up is only available up to 3 years. Ongoing prospective data collection will provide 5-year results.
The PCI registry contains a relatively small number of patients. Therefore some of the results should be interpreted with caution. Furthermore, explorative subgroup analyses by lesion subsets could not performed, due to the low patient number in separate groups.
Conclusions
In the SYNTAX trial the Heart Team concluded that, for 6.4% and 35.0% of patients, the only treatment option was PCI or CABG, respectively. Patients with complex coronary anatomy often underwent CABG, whereas inoperable high-risk patients were included in the PCI registry. Patients deemed inoperable for CABG had a high-risk profile, resulting in a suboptimal outcome after PCI. In patients who are not candidates for PCI, bypass surgery produces excellent results. To identify those patients at high risk for MACCE, the SYNTAX score discriminates well.
